F or decades, human albumin has been administered to patients to provide adequate oncotic pressure and intravascular volume. 1 In 1998, however, a report from the Cochrane Injuries Group Albumin Reviewers indicated that the administration of albumin may be potentially harmful in critically ill patients, as compared with the administration of crystalloid solutions. 2 Subsequent meta-analyses reported contradictory findings. 3, 4 To clarify this issue, a large, double-blind, randomized trial (the Saline versus Albumin Fluid Evaluation [SAFE] study) 5 was conducted, in which 4% albumin solution was compared with normal saline as fluid replacement in critically ill patients, with results indicating that albumin administration was safe. A predefined subgroup analysis showed that patients with severe sepsis receiving albumin were at a lower, although not significantly lower, risk for death than those receiving normal saline. In addition, a subsequent study pointed out a potential benefit of maintaining serum albumin at a level of more than 30 g per liter in critically ill patients. 6 There is a convincing rationale for the potential advantages of albumin administration during severe sepsis. 7 Albumin is the main protein responsible for plasma colloid osmotic pressure 8 ; it acts as a carrier for several endogenous and exogenous compounds, 9 with antioxidant and antiinflammatory properties, and as a scavenger of reactive oxygen 10, 11 and nitrogen 12 species and operates as a buffer molecule for acid-base equilibrium. 13 We therefore conducted a randomized, controlled trial to investigate the effects of the administration of albumin and crystalloids, as compared with crystalloids alone, targeting a serum albumin level of 30 g per liter or more in a population of patients with severe sepsis.
ME THODS

STUDY OVERSIGHT AND DESIGN
We conducted the Albumin Italian Outcome Sepsis (ALBIOS) study -an investigator-initiated, multicenter, open-label, randomized, controlled trial -in 100 intensive care units (ICUs) in Italy. The members of the steering committee (see the Supplementary Appendix, available with the full text of this article at NEJM.org) designed the study, were responsible for its execution and for the data analysis, made the decision to submit the manuscript for publication, and assume responsibility for the fidelity of the study to the protocol (available at NEJM.org).
The trial was funded by the Italian Medicines Agency, which had no role in the conduct of the study, the reporting of the data, or the supply of * Plus-minus values are means ±SD. There were no significant differences between the two groups except with respect to central venous oxygen saturation (P = 0.02) and number of patients with organ dysfunction (P = 0.04). COPD denotes chronic obstructive pulmonary disease, and ICU intensive care unit. † The body-mass index is the weight in kilograms divided by the square of the height in meters. ‡ Among preexisting conditions, liver disease was defined as the presence of cirrhosis, portal hypertension, or previous episodes of liver insufficiency; immunodeficiency as the concurrent presence of immunosuppressive diseases or receipt of immunosuppressive therapies; and congestive or ischemic heart disease as New York Heart Association class II. § The Simplified Acute Physiology Score (SAPS II) 16 was used to assess the severity of systemic illness at baseline. Scores range from 0 to 163, with higher scores indicating more severe illness. ¶ Data on central venous pressure were available for 841 patients in the albumin group and 858 in the crystalloid group; data on lactate level, for 874 and 867, respectively; data on serum albumin level, for 821 and 813, respectively; data on hemoglobin level, for 893 and 894, respectively; and data on central venous oxygen saturation, for 798 and 802, respectively. ‖ The Sequential Organ Failure Assessment (SOFA) score 17 includes subscores ranging from 0 to 4 for each of five components (respiratory, coagulation, liver, cardiovascular, and renal components), with higher scores indicating more severe organ dysfunction. The scoring was modified by excluding the assessment of cerebral failure (the Glasgow Coma Scale), which was not performed in these patients, and by decreasing to 65 mm Hg the mean arterial pressure threshold for a cardiovascular subscore of 1, for consistency with the hemodynamic targets as defined according to the early goal-directed therapy.
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** Organ dysfunctions were defined as a SOFA score of 2 or more on the respiratory component; 2 or more on the coagulation component; 2 or more on the liver component; 1, 3, or 4 on the cardiovascular component; and 2 or more on the renal component. 5 A score of 2 on the cardiovascular component was not included because that score is assigned for the use of vasopressor drugs at low doses (a condition not considered to be strictly related to cardiovascular dysfunction). † † Shock at the time of randomization was defined as a score of 3 or 4 on the cardiovascular component of the SOFA. study fluids. Albumin administered during the study was provided by each participating institution as part of the clinical treatment of critically ill patients. The study protocol and the informedconsent process were approved by the ethics committee at each participating institution. Written informed consent or deferred consent was obtained from each patient. Randomization was performed centrally, with the use of a computer-generated and blinded assignment sequence. Randomization was stratified according to the participating ICU and the interval between the time that the patient met the clinical criteria for severe sepsis and randomization. The conduct of the trial was overseen by the data and safety monitoring board, which performed an interim analysis after the enrollment of 700 patients.
PATIENTS
Patients 18 years of age or older who met the clinical criteria for severe sepsis 14 within the previous 24 hours at any time during their stay in the ICU were enrolled in the study after being screened for eligibility criteria. Details of the inclusion and exclusion criteria are provided in the Supplementary Appendix.
STUDY TREATMENTS
Patients were randomly assigned to receive either 20% albumin and crystalloid solution (albumin group) or crystalloid solution alone (crystalloid group) from randomization until day 28 or discharge from the ICU, whichever came first. During the early phase of volume resuscitation, fluids were administered in both groups according to early goal-directed therapy. 15 After randomization, patients in the albumin group received 300 ml of 20% albumin solution. From day 1 until day 28 or ICU discharge (whichever came first), 20% albumin was administered on a daily basis, to maintain a serum albumin level of 30 g per liter or more. In both groups, crystalloids were administered whenever it was clinically indicated by the attending physician. The administration of synthetic colloids was not allowed. All other treatments were at the discretion of the attending physician.
OUTCOMES
The primary outcome measure was death from any cause at 28 days after randomization. The principal secondary outcome measure was death from any cause at 90 days after randomization. Additional secondary outcomes were the number of patients with organ dysfunction and the degree of dysfunction and the length of stay in the ICU and the hospital. The severity of systemic illness was assessed with the use of the Simplified Acute Physiology Score, with scores ranging from 0 to 163 and higher scores indicating more severe illness. 16 Organ function was assessed daily with the use of the Sequential Organ Failure Assessment (SOFA) score, 17 which ranges from 0 to 4 for each of five components (respiratory, coagulation, liver, cardiovascular, and renal components), with higher scores indicating more severe organ dysfunction (Table S1 in the Supplementary Appendix). New organ failures were defined as a change in a component score during the study from a baseline score of 0, 1, or 2 to a score of 3 or 4. 5, 18, 19 Tertiary outcomes, which were assessed in post hoc analyses, included the use of renal-replacement therapy, the incidence of acute kidney injury, the duration of mechanical ventilation, and the time to suspension of the administration of vasopressor or inotropic agents.
STATISTICAL ANALYSIS
We originally determined that a sample of 1350 patients would provide the study with 80% power to detect an absolute between-group difference of 7.5 percentage points in mortality at 28 days, on the basis of an estimated baseline mortality of 45%, with a two-sided P value of less than 0.05 indicating statistical significance. The study protocol specified the possibility of increasing the sample to 1800 patients on the basis of a recommendation by the data and safety monitoring board during an interim analysis.
All the analyses were conducted on an intention-to-treat basis. Binary outcomes were compared with the use of the chi-square test, and continuous outcomes with the use of the Wilcoxon rank-sum test. Comparisons of fluid volumes and physiological data over time were performed with the use of a two-factor analysis of variance for repeated measurements. We calculated survival estimates according to the Kaplan-Meier method and compared them using a log-rank test. We performed an adjusted analysis using robust Poisson regression for binary outcomes. In a post hoc analysis, the primary and principal Panel A shows the serum albumin concentration through day 28 in patients receiving albumin and crystalloids or crystalloids alone. Day 0 was defined as the time of randomization. Data are medians, with I bars indicating interquartile ranges. The P value is for the between-group comparison performed with the use of a two-factor analysis of variance for repeated measurements to test time (29 days for serum albumin, including day 0) and group effects. Panel B shows the net fluid balance through day 7 for patients receiving albumin and crystalloids or crystalloids alone. The daily net fluid balance was calculated as the difference between the total amount of administered fluid (including 20% albumin; crystalloids; other blood products, such as packed red cells, fresh-frozen plasma, or platelets; and other fluids) and the total amount of excreted fluid each day (including urinary output and other fluid losses, such as fluids potentially removed with continuous renal-replacement therapy, fluids lost as feces, aspirated gastric content, drainage fluids, and insensible perspiration). For day 1, the net fluid balance was computed from the time of randomization to day 1, which averaged 16 hours in the two study groups. The horizontal line in the boxes indicates the median, the top and bottom of the box the interquartile range, and I bars the 5th and 95th percentile range. The P value is for the between-group comparison performed with the use of the two-factor analysis of variance for repeated measurements to test time (7 days) and group effects.
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infection, the type of identified microorganism, and the proportion of patients receiving antibiotics were similar in the two groups (Table S2 in the Supplementary Appendix).
FLUID THERAPY AND TREATMENT EFFECTS
During the first 7 days, the albumin group, as compared with the crystalloid group, received a significantly larger volume of 20% albumin solution (P<0.001) and less crystalloid solution (P<0.001). In the albumin group, the administration of 20% albumin solution accounted for a median daily average of 4.3% (interquartile range, 2.9 to 5. 
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higher in the albumin group than in the crystalloid group from day 1 to day 28 (P<0.001) (Fig.  1A) . During the first 7 days, patients in the albumin group had a significantly lower heart rate than those in the crystalloid group (P = 0.002), as well as a significantly higher mean arterial pressure (P = 0.03) (Table S4 and Fig. S2 in the Supplementary Appendix). Daily net fluid balances were lower in the albumin group than in the crystalloid group (P<0.001) (Fig. 1B) No significant difference in the probability of survival was observed between the albumin group and the crystalloid group during the 90 days after randomization (P = 0.39) (Fig. 2) . No significant difference was observed between the two study groups with respect to either the number of newly developed organ failures or the median SOFA score ( Table 2) . Analysis of the SOFA score for each organ system revealed that, as compared with the crystalloid group, the albumin group had a lower cardiovascular score (P = 0.03), a higher coagulation score (P = 0.04), and a higher liver score (P = 0.02). No significant differences were observed in other secondary and tertiary outcomes, with the exception of the time to suspension of the administration of vasopressor or inotropic agents, which was shorter in the albumin group than in the crystalloid group (P = 0.007) ( Table 2) .
In subgroup analyses, no significant difference was observed in the prespecified subgroups that were stratified according to the interval between the time the patient met the clinical crite- Interquartile range 1-6 2-7 * New organ failures were defined by a change in a specific component of the SOFA 17 from a score of 0, 1, or 2 at baseline to a score of 3 or 4 during the study period.
5,17,18 † The values are the median and interquartile range of the SOFA score, representing the average of the daily SOFA scores for each individual patient during his or her study period (including the SOFA score at baseline). No imputation was performed for missing data. ‡ The length of stay in the hospital included the length of stay in the ICU. § Tertiary outcomes were analyzed in post hoc analyses. ¶ Included are patients with any form of renal-replacement therapy prescribed by the attending physician during the study period, including patients with chronic renal failure at baseline. ‖ Acute kidney injury was defined according to the risk, injury, failure, loss, and end-stage kidney injury (RIFLE) criteria 20 for acute kidney injury on the basis of daily incremental increases in serum creatinine levels from baseline during the study period. ** The duration of ventilatory support includes only the time during the study period, which was not necessarily the total duration of ventilatory support. † † The time to the suspension of vasopressor or inotropic agents was assessed as the number of days of administration of vasopressor or inotropic agents in patients for whom such treatment was ongoing at baseline. Data were available for 582 patients in the albumin group and 576 in the crystalloid group. 
DISCUSSION
The main results of this large-scale trial provide evidence regarding both the efficacy and the safety of the use of human albumin during severe sepsis -an interventional strategy that has long been debated. 21, 22 The addition of albumin to crystalloids during the first 28 days of treatment to maintain a serum albumin level of 30 g per liter or more is safe but does not provide a survival advantage over crystalloids alone, over a follow-up period of 90 days. Similar findings were observed in the subgroup stratified according to the interval between the time the patient met the clinical criteria for severe sepsis and treatment application.
The findings in our trial may appear to contradict those of the predefined subgroup analysis from the SAFE study, 5 which suggested a survival advantage with an albumin-based strategy during severe sepsis. The plausibility of this hypothesis was supported by the significant hemodynamic advantages observed 23 and by further investigations showing that the correction of hypoalbuminemia reduced the severity of organ dysfunction. 4,6 Similar beneficial effects were also suggested by a large meta-analysis, which concluded that the use of albumin-containing solutions could be associated with lower mortality than that seen with other fluid regimens. 24 Our results confirm that administration of albumin produces small but significant hemodynamic advantages. A significantly greater proportion of patients in the albumin group than in the crystalloid group reached the targeted mean arterial pressure within 6 hours after randomization (Table S7 in the Supplementary Appendix). During the first 7 days, the mean arterial pressure was higher, whereas the heart rate and net fluid balance were lower, in the albumin group than in the crystalloid group. Moreover, the average cardiovascular SOFA subscore over the course of the study period was lower in the albumin group, and the time to the suspension of inotropic or vasopressor agents was shorter, indicating a decreased use of vasopressors. These effects were obtained with similar amounts of administered fluids in the two study groups. These findings confirm a physiological advantage of albumin administration during severe sepsis, including a larger fluid distribution within the intravascular compartment and, in addition, possible effects of albumin as a scavenger of nitric oxide, 12 mediating peripheral vasodilatation during sepsis. 25, 26 The secondary outcomes also provide a detailed profile of the safety of albumin administration during severe sepsis. The incidence of new organ failures during the study was similar in the two groups. We observed slightly higher average SOFA subscores for liver and coagulation in the albumin group, indicating a higher serum bilirubin and a lower platelet The graph shows the Kaplan-Meier estimates for the probability of survival among patients receiving albumin and crystalloids and among those receiving crystalloids alone. The P value was calculated with the use of the log-rank test. .001) and was probably related to the methods used to prepare albumin solutions, which may be inefficient in clearing bilirubin content from plasma. 21, 27 The slight reduction in platelet counts in the albumin group may be a further marker of a larger expansion of the intravascular compartment in this group than in the crystalloid group, with a consequent dilution of the hemoglobin content (Table S4 in the Supplementary Appendix).
Post hoc univariate and multivariate analyses of data from the 1121 patients with septic shock showed significantly lower mortality at 90 days in the albumin group than in the crystalloid group. Conversely, in the subgroup of patients with severe sepsis without shock, mortality appeared to be higher among those who were treated with albumin than among those treated with crystalloids alone, although the difference was far from significant. This analysis was not prespecified, and therefore it may be characterized by wellknown biases. Nonetheless, a state of shock associated with severe sepsis represents a well-defined clinical entity. Moreover, if the oncotic, antiinflammatory, and nitric oxide-scavenging properties of albumin are of clinical importance, these may be maximally exploited in the conditions that are the most severe, such as cardiovascular dysfunction.
Our trial has certain limitations. First, we included the use of albumin solutions with a greater concentration than those used in the SAFE study (20% vs. 4%). Consequently, the volume of albumin solution that was administered was markedly lower than that administered in the SAFE study, since our goal was to correct hypoalbuminemia and not to directly replace intravascular volume. Second, the observed mortality at 28 days was lower than originally expected, thereby increasing the likelihood that the study was underpowered. Finally, only approximately one third of the patients were enrolled during the early phase of severe sepsis.
In conclusion, the use of albumin in addition to crystalloids to correct hypoalbuminemia, as compared with the use of crystalloids alone, in patients with severe sepsis during their stay in the ICU did not provide a survival benefit at 28 or 90 days, despite improvements in hemodynamic variables. The clinical benefit of albumin that was seen in the post hoc analysis of the subgroup of patients with septic shock warrants further confirmation.
